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INTRODUCTION AND SUNbdRY 

This semi-annual report covers the period from 1 Nov 
66 through 30 April 67. Selected data from earlier reports 
are included for purposes of comparison and discussion. 

The major concern of this project is the possible 
effect of artificial atmospheres upon brain biochemistry 
with emphasis on amino acids. 
atmospheric mixtures for varying periods, the free amino 
acid pool and biogenic amine content (with emphasis on 
serotonin) of the animal's brains are measured. 

After exposing rats to gaseous 

The methodology is essentially the same as described 
in our earlier reports. For convenience, it is summarized 
in this report, and suggestions for improvements are made. 

The concentrations of 40 ninhydrin-positive agents 
present in the free state in brain tissue of rats are re- 
ported. 
during-this report period. 
previous results from 27 animals. Some conclusions are 
drawn from these data and further work is suggested. The 
number of test animals and exposures permits statistically 
significant conclusions. 

Six groups totalling 44 animals have been studied 
These results are compared with 

The method for serotonin and catechol amines does not 
have the degree of sensitivity necessary to warrant drawing 
conclusions as to the effect of our exposure conditions on 
changes in these biogenic amines. Preliminary development 
of a more sensitive technique is reported. 

We plan to continue analysis on more groups of animals 
in order to substantiate or refute the tentative con- 
clusions we have reached. We plan also to explore other 
atmospheric mixtures of oxygen in combination with inert 
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gases such as helium, neon, argon, or xenon as the major 
dilyent compound. 

EXPERIMENTAL PROCEDURE 

GENERAL: Male rats of different strains were used - Long 
Evans and Sprague Dawley. These animals weighed between 
350 and 500 g and were between 100 and 150 days old. The 
animals were exposed in our exposure chambers to the ex- 
perimental or control condition desired for periods from 18 
to 72 hours. They were then sacrificed and the whole brain 
removed within 60 seconds and stored frozen until prepared 
for analysis. Free amino acids were analyzed ' semi- 
automatically by ion exchange cnromotography; biogenic 
amines were analyzed fluorometrically. The resulting data 
were processed variously on either of two computers and 
manually. A statistical analysis was made. 

EXPOSURE: Exposure to experimental atmospheres were con- 
ducted in a chamber of our own design and construction. 
This chamber was reported in the previous semi-annual 
report dated 12 Dec 66, NASA publication N67-15883. The 
constitution of the experimental atmosphere mixture was 
controlled by the input metering system. 

For exposure to 100% 0 2 ,  medical oxygen (Ohio Chemical 
& Surgical Equipment Co. )  was used. The chamber was purged 
immediately after introduction of the animals, and then 
kept at a constant input flow rate of 0.5 Vmin controlled 
by (Ohio Chem & Mfgr.) metering valve. The chamber was 
vented to the atmosphere through a water trap with a head 
of 1 to 5 in to insure a pressure just sufficiently greater 
than ambient atmospheric pressure to prevent contamination 
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from backflow of the surrounding atmosphere. The gases 
in the chamber were circulatea through a purifying system 
at a rate of 5 to 7 l/min. This system included a cold trap 
liquid nitrogen (LN), conc. H2S04, and dampened KOH pelLets. 
It was observed that the LN cold trap apparently extracted 
all the biological waste H20, C02, and NH 
system was a fail-safe backup to cover the contingency of 
blockage of the cold trap. 

the chemical 3 ;  

For exposures to 20% 02+80% He (by volume) atmos- 
phere the same equipment and technique were used with the 
following exceptions: Both medical oxygen and helium 
(Matheson, High Purity grade) were used. Input flow was 
controlled by a gas proportioner (Matheson Model 665) and 
total input flow was 5 l/min. The chamber was exhausted 
through a considerably larger manometer with a head of 2 
inches of water. The cold trap of the purification system 
was immersed in a dry ice-acetone mixture, in order that 
liquification of the oxygen in the atmosphere not alter 
the proportions of the atmospheric constituents. There 
was no ,instrumentation for monitoring the atmosphere in 
the chamber; it was assumed that a flow rate of 5 l/min 
of the experimental gas mixture through the chamber 
(which has a volume of 13 L), would be great enough that 
the consumption of oxygen by a maximum of 10 rats would 
not significantly alter the ratio of oxygen to helium 
within the chamber from that prepared at the mixer. 

All exposures were uninterrupted. Animals were 
allowed food and water - ad libitum both before and during 
exposures. 

TISSUE PREPARATION: After exposure, animals were sacri- 
ficed by decapitation with a guillotine (Harvard Apparatus) 
and the whole brain was removed. The olfactory lobes and 
brain stem were discarded and the brain was divided mid- 
sagitally. Each segment was then frozen in L N. For each 
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animal this entire process took less than 60 sec. Each 
brain segment was individually wrapped in aluminum foil and 
s tore?  in L N i . iL1 i i . i  ii w d s  prepared for anaiysis. 

One half of each brain was prepared for analysis of 
free amino acids by a modification of the method of Talan, 
Moore, & Stein. The tissue was weighed and then crushed 
by a sharp blow while still frozen and wrapped. As much 
tissue as possible was transferred to a heavy duty 12 ml 
screw top centrifuge tube and homogenized in picric acid 
ultrasonically (Bronwill Biosonik 11). The wrapping and 
surplus tissue were weighed. The homogenate was centri- 
fuged ana the supernatent transferred to a bed of Dowex 
2x8 or 2x10. The precipitate was washed by rehomogeniz- 
ing in H20; the mixture was then centrifuged again. This 
supernatent was also added to the Dowex bed. The total 
solution was washed from the Dowex bed into a 100 ml 
lyophilization jar with four wasnings of 0.02 N HCL. This 
solution, approximately 70 ml, was concentrated to a 
volume of approximately 4 ml by lyophilization and 
filtered through diatomaceous earth and an acid-washed 
Watman #1 filter paper into a small calibrated lyophili- 
zation jar. 
volume in the small jar was approximately 15 ml. This 
solution was concentrated to a volume of 1 ml and then 
diluted to exactly 2 ml with a citrate buffer. It was 
then analyzea for concentrations of free amine acids. 
The special filters and calibrated lyophilization f l a s k s  

were designed in our labs and were described in aetail 
in our progress report of 9 May 66, NASA publication 

The filter bed was washed with H20 until the 

N66-26235. 

The other half of each brain was prepared for 
fluorometric serotonin analysis. This was originally done 
by a modification of the method of Weisbach; in this pre- 
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p a r a t i o n  s e r o t o n i n  i s  e x t r a c t e a  by d i f f e r e n t i a l  s o l u b i l i t y  

t h r o u g h  aqueous and a l c o h o l i c  s o l v e n t s .  A s  t h i s  e x t r a c -  
I-.-- L L u i L  iiaa L-- ~ L V L  --+ - - - - v n J  ~ A U V L U  U U Y - - - - - - -  ~ ~ ~ ~ - ~ c c C I ~ ~  i_n_ cnmhi-mtinn with the 

f l u o r o m e t r i c  t e c h n i q u e  used ,  i t  i s  b e i n g  mod i f i ed  a s  d i s -  

c u s s e d  under  S e r o t o n i n  A n a l y s i s .  

AMINO ACID ANALYSIS: T h e  f ree  amino acid c o n t e n t  of t h e  

b r a i n s  w a s  a n a l y z e d  on a Beckman 120-C amino a c i d  a n a l y z e r  
f o l l o w i n g  t h e  method of lloore and S t e i n  a s  mod i f i ed  i n  de- 
t a i l  by Beckman and also by o u r  g roup  a t  t h e  I n s t i t u t e  of  
C h e m i c a l  Bio logy .  Of the 2.0 m l  sample p r e p a r e d ,  0 .5  m l  
w a s  a p p l i e d  on each  of  two columns, one t o  a n a l y z e  acidic  
and n e u t r a l ,  and t h e  other t o  a n a l y z e  t h e  basic amino 

acids. Thus there w a s  a m p l e  sample material  t o  allow 
r e p l i c a t i o n  of  any a n a l y s i s  i n  which there appea red  t o  be 

a n  i n s t r u m e n t a l  error ,  The charts from t h e  recorder of 
t h e  120-C w e r e  e v a l u a t e d  by t h e  d o t - c o u n t i n g  method. A f t e r  

t h e  q u a n t i t a t i v e  data were o b t a i n e d ,  a l l  other  c a l c u l a t i o n s  

w e r e  made by computer a s  d e s c r i b e d  under  COMPUTATIONS. 

SEROTONIN ANALYSIS:  The s e r o t o n i n  c o n t e n t  of  t h e  b r a i n s  

w a s  de t e rmined  w i t h  a n  Aminco-Bowman s p e c t r o f l u o r o p h o t o -  
m e t e r .  To  1 . 0  m l  of t h e  sample p r e p a r e d  f o l l o w i n g  t h e  

method of Weisbach, 1 . 0  m l  o f  c o n c e n t r a t e d  r e a g e n t  HCL 

w a s  added and mixed i n  t h e  s p e c i a l  f l u o r e s c e n c e  c u v e t t e .  

T h i s  s o l u t i o n  w a s  e x c i t e d  a t  a wavelength  295mj and 
f l u o r e s c e n c e  occured  a t  540 my.  Photometer r e a d i n g s  w e r e  
observed and recorded i n d e p e n a e n t l y  by t w o  t e c h n i c i a n s .  

D e t e r m i n a t i o n s  w e r e  re - run  i f  these o b s e r v a t i o n s  v a r i e d  
more t h a n  1% of f u l l  s c a l e  r e f l e c t i o n .  

T h i s  p r o c e d u r e  h a s  not  produced r e s u l t s  w e  c o n s i d e r  

s a t i s f a c t o r y ,  

be made more s e n s i t i v e .  A new t e c h n i q u e  f o r  e x t r a c t i o n  
h a s  been r e c e n t l y  pub l i shed  [WISE, Anal .  Biochem - 18 ,  94  

( 1 9 6 7 ) l  u t i l i z i n g  d i f f e r e n t  s o l v e n t s .  A p r e l i m i n a r y  

Both  e x t r a c t i o n  and d e t e c t i o n  methods must  
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a t t e m p t  h a s  been made t o  u s e  t h i s  method; r e s u l t s  have 
been  bet ter  t h a n  w i t h  t h e  p r e v i o u s  t e c h n i q u e  b u t  as y e t  

w e  are  u n a b l e  t o  g e t  v a l u e s  a s  good db ilie r e s u l t s  r s -  

p o r t e d  by W i s e .  I t  h a s  been shown t h a t  s e r o t o n i n  c a n  b e  
t reated w i t h  o -p tha la ldehyde  t o  i n c r e a s e  f l u o r e s c e n c e  20- 

1 0 0 %  [MAICKEL & MILLER,  A n a l .  Chem. 3 8 ,  1937 ( 1 9 6 6 ) l .  A 

c l a i m  h a s  been made t h a t  t h i s  r e a c t i o n  h a s  been s u c c e s s -  

f u l l y  used  t o  i n c r e a s e  f l u o r e s c e n c e  o f  e x t r a c t e d  bio- 

l o g i c a l  s e r o t o n i n  [MAICKEL, p e r s o n a l  communicat ions] .  The 

a p p l i c a t i o n  t o  b i o l o g i c a l  mater ia l  has n o t  been p u b l i s h e d  
o r  a c c u r a t e l y  d e s c r i b e d ,  b u t  some p r e l i m i n a r y  work on t h i s  
h a s  been done i n  t h i s  l a b o r a t o r y  w i t h  promis ing  r e s u l t s .  

- 

- 

RESULTS 

INTRODUCTION: 
T h i s  p o r t i o n  o f  t h e  r e p o r t  c o n t a i n s  a p r e s e n t a t i o n  

o f  t h e  r e s u l t s  of work accomplished d u r i n g  t h i s  r e p o r t  
p e r i o d .  A compar ison  i s  a l s o  made w i t h  r e s u l t s  from o u r  

e a r l i e r  work. The f i r s t  s e c t i o n  l i s t s  c o n a i t i o n s  o f  

exposure  f o r  e a c h  group of a n i m a l s .  T h i s  i s  fo l lowed  by 
a s e c t i o n  e x p l a i n i n g  t h e  computa t ions  made. A l l  d a t a  are  
t a b u l a t e a  and i n c l u a e d  i n  t h i s  r e p o r t  as  a n  appena ix ;  a 

s h o r t  d e s c r i p t i v e  s ec t ion  i s  p r e s e n t e d  a s  t h e  n e x t  s e c t i o n .  
The l a s t  s e c t i o n  l i s t s  s i g n i f i c a n t  r e s u l t s  found.  

GROUPS : 

Fol lowing  t h e  a b b r e v i a t e d  t i t l e  used  f o r  each  g roup  

is  a d e s c r i p t i o n  of t h e  exposure  c o n d i t i o n s  f o r  tnis group.  

SI) C l a :  Five Sprague  Oawley m a l e  r a t s  111 d a y s  

o l d  a t  s a c r i f i c e ;  "normal"  c o n t r o l s  
t a k e n  from a n i m a l  q u a r t e r s  w i t h  no  
s p e c i a l  hancil inq.  

n 
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Four Sprague dawley male r a t s  a b o u t  4 5  

Uays o l a  a t  s a c r i f i c e ;  "krues c o n t r o l s "  
{r-n_n_+_rcls f e r  "n-7.e. Ex-' ' )  y ~ n ~ ~ u a c u  - - - - - - / 4  + -  c w  

norinal a tmosphere  a t  760  mm Hg p r e s s u r e  

i n  s p e c i a l  exposure  chambers a t  NASA 

Ames l a b s  f o r  7 2  hr. 
Two Sprague Dawley m a l e  r a t s  a b o u t  4 5  

d a y s  o l u  a t  sacr i f ice  exposed t o  1 0 0 %  

0 a t  760  mm Hg f o r  7 2  h r  i n  s p e c i a l  
exposure  chambers a t  idASA Ames l a b s .  
2 

F i v e  Long Evans male r a t s  125-135 d a y s  
o ld  a t  s a c r i f i c e ;  "normal"  c o n t r o l s  
t a k e n  from animal  q u a r t e r s  w i t h  no 
s p e c i a l  h a n d l i n g .  

S i x  Long Evans m a l e  r a t s  4 1  days  o ld  a t  

s a c r i f i c e ;  ' inormali '  c o n t r o l s  t a k e n  from 
animal  q u a r t e r s  w i t h  no s p e c i a l  n a n d l i n g .  

E i g h t  Sprague Dawley male ra ts  113 d a y s  
o l d  a t  sacr i f ice  exposed t o  1 0 0 %  O 2  a t  

1 atm f o r  1 8  h r .  

Three  Sprague Dawley m a l e  r a t s  1 6 3  d a y s  

o l a  a t  sacr i f ice  exposea  t o  1 0 0 %  o2 a t  

1 a t m  f o r  5 0  h r .  

Three  Long Evans male r a t s  1 1 8  d a y s  o l d  

a t  sacr i f ice  exposed t o  1 0 0 %  0 a t  1 a t m  

for 1 8  h r .  
2 

Four  Long Evans m a l e  r a t s  4 1  d a y s  old 
a t  s a c r i f i c e  exposed t o  1 0 0 %  0 a t  1 atm 

f o r  2 4  h r .  
2 

. I  
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S i x  Long hvaiis male r a t s  1 1 7  ciays old 

a t  s a c r i f i c e  exposed t o  100% 0 a t  1 2 
--.I-- c-.- 9 0  . 
ULlll I V I  L U  ix. 

LE O 1 0 0 - 2 8  

F i f t e e n  Long Evans m a l e  r a t s  90-105 

d a y s  o l d  a t  s a c r i f i c e  exposed t o  a 
mix tu re  8 0 %  H e ,  2 0 %  O2 a t  1 a t m  f o r  

1 8  h r .  

F l u o t h a n e  Exposures:  Nine Long Evans male ra t s  113 days  o ld  

a t  exposure ;  Exposure c o n s i s t e a  of  a d m i n i s t r a t i o n  
of  F luo thane  3 . 6  mg/kg 4 0 %  s o l u t i o n  i n  o l i v e  o i l  

v i a  stomach t u b e  fo l lowed  by exposure  t o  1 0 0 %  O2 

a t  1 a t m  f o r  2.5 h r ;  t h e s e  a n i m a l s  w e r e  s a c r i f i c e d  
a t  v a r i o u s  t i m e s  a f t e r  removal from oxygen ex- 
p o s u r e  as follows: one  a t  0 h r ,  t w o  a t  2 4  n r ,  

t h r e e  a t  48 h r ,  and t h r e e  a t  7 2  h r .  

W e  a re  i n d e b t e d  t o  D r .  hen ry  Leon ana  i v i r .  Gerala 

Brooksby of NASA &xes labs fo r  t h e  o p p o r t u n i t y  t o  o b t a i n  
t h e  "Junes c o n t r o l "  and "Ames Exp" immea ia t e ly  a f t e r  ex- 
p o s u r e  an6  t o  u s e  t h e i r  f a c i l i t i e s  f o r  s a c r i f i c i n g  t h e  
a n i m a l s  and p r e s e r v i n g  t h e  b r a i n  t i s s u e .  A l l  o t h e r  a n i m a l s  

were o b t a i n e d  f r o m  Simonson Labs,  G i l r o y ,  C a l i f .  and 
q u a r a n t i n e d  i n  t h e  an imal  q u a r t e r s  a t  the I n s t i t u t e  of  

Chemical Bio logy  fo r  approx ima te ly  one week b e f o r e  b e i n g  

exposed.  

COPlPUTATIOJXS: Some computa t ions  w e r e  made on a n  IBM 1 6 2 0  

from m a r k  s e n s e  cards marked i n  t h e  l a b o r a t o r y .  Due t o  
d i f f i c u l t i e s  i n  o b t a i n i n g  time on t h i s  cortiputer, a n  O l i v e t t i  
Programma 1 0 1  desk t o p  computer w a s  l a t e r  u t i l i z e d .  A l -  

though c a l c u l a t i o n  t i m e  i s  c o n s i d e r a b l y  g r e a t e r  w i t h  t h i s  

computer ,  t h e r e  i s  no neca f o r  mark s e n s e  cards. I t  a l s o  
a l l o w s  immecliate checking  of s u s p e c t e d  e r r o r s  a q a i n s t  t h e  
raw d a t a .  Therefore t o t a l  computa t ion  t i m e  i s  n o t  s i g n i f i -  

c a ~ t l y  ii-,creascu, a n d  i t  i s  i c l t  t l i a t  there  i s  less  chance  



f o r  e r r o r .  

T h e  f o l l o w i n g  v a l u e s  w e r e  c a l c u l a t e d  i n  r e l a t i o n  t o  

t h e  amino acia:  a )  An i n s t r u m e n t a l  c o n s t a n t  f o r  each  
s t a n d a r d i z e d  amino ac id ;  b) t h e  c o n c e n t r a t i o n  i n  nanamoles 
p e r  gram f r o z e n  b r a i n  wcignt  (niLi/g) f o r  each  n inhydr in -  
p o s i t i v e  s u b s t a n c e  observeu  i n  each  an ima l  ( f o r  compounas 
w i t h o u t  s t a n d a r d i z a t i o n  this v a l u e  w a s  c a l c u l a t e d  i n  
g l u t a m i c  acid u n i t s ) ;  c )  means -1s .d .  f o r  each  s u b s t a n c e  
over a l l  a n i m a l s  i n  each  group;  d) S t u d e n t ' s  ' I t"  r a t i o  f o r  
e a c h  s u b s t a n c e  between each e x p e r i m e n t a l  g roup  ana  t h e  

a p p r o p r i a t e  c o n t r o l  group.  

+ 

DATA : 

Data are p r e s e n t e d  i n  Tables 1 t h r o u g h  1 4  which are 
appendea t o  t h i s  r e p o r t .  Some of these t a b l e s  c o n t a i n  
mean v a l u e s  -1s.d. f o r  each  n i n h y d r i n - p o s i t i v e  compound 

found ( c o n c e n t r a t i o n s  are  e x p r e s s e a  as  nanamoles p e r  gram 

f r o z e n  b r a i n  w e i g h t ,  ni?I/g); o t h e r s  show s t u d e n t ' s  "t" 
s t a t i s t i c  computed f o r  each  e x p e r i m e n t a l  g roup  .and t h e  
a p p r o p r i a t e  c o n t r o l  g roup ,  w i t h  s i g n i f i c a n c e  no ted  where 

PC0.20. 

+ 

The t a b l e s  are a r r a n g e d  as  follows: 
Table 1: 

Tab le  2 :  

Tab le  3: 

A l i s t  of  n i n h y a r i n - p o s i t i v e  s u b s t a n c e s  founa ,  

keyed t o  t h e  numbers a s s i g n e d  t o  t h e s e  compounds 

f o r  u s e  i n  o t h e r  tables .  

C o n c e n t r a t i o n s  f o r  g roup  S D  C l b  ( "Ames c o n t r o l " )  

and f o r  each "Ames E:xp" an ima l .  

C o n c e n t r a t i o n s  f o r  F l u o t h a n e  exposure  combined 

and broken  i n t o  sub-groups by d e l a y  a f t e r  ex- 

posure .  
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Table  4 :  C o n c e n t r a t i o n s  f o r  tlie f o u r  c o n t r o l  g roups ;  

S U  Cla, S D  Clb, L C  C l a ,  LE C l b .  

Tahl  P 5 :  C o n c e n t r a t i o n s  f o r  Long Evans a n i m a l s  i nvo lved  
i n  1 0 0 %  oxygen exposure  expe r imen t s :  LE C l a ,  

LE C l b ,  LE 0100-lt3, LI: 0100-24, LE 0100-25 '  

T a b l e  6 :  C o n c e n t r a t i o n s  f o r  Sprague Dawley a n i m a l s  i n -  
vo lved  i n  100% oxygen exposure  expe r imen t s :  

sa c1, SD 0100-18r si) 0100-50 '  

T a b l e  7 :  "t" f o r  comparison between s p e c i e s :  LE C 1 ,  

S D  C 1 .  

T a b l e  8 :  ' I t"  b e t w e e n  Le  c o n t r o l  ana  18 h r  O 2  exposure :  

LE c1, LE O10O-18' 

T a b l e  9: "t" between LE c o n t r o l  and 2 4  h r  O2 exposure :  

LE C 1 ,  LE 0100-24. 

T a b l e  1 0 :  "t" between LE c o n t r o l  and 28 h r  O 2  exposure :  

LE C 1 ,  LE 0100-28. 

T a b l e  11: between L E  c o n t r o l  ana  1 8  h r  He+O exposure :  
2 

LE C 1 ,  LE Heg0020-A8. 

Table 1 2 :  "t" between S D  c o n t r o l  and 1 5  nr 0 exposure :  
2 

S D  c1, SD 01()()-18' 

T a b l e  13: "t" between S D  c o n t r o l  and 50 h r  O2 exposure :  

SD c1, S D  O10()-5O' 

T a b l e  1 4 :  "t" b e t w e e n  c o n t r o l s  and f l u o t h a n e  exposure :  

LE C 1 ,  F luo thane  t o t a l .  
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T h e  f o l l o w i n g  d i f  f ererices i n  c o n c e n t r a t i o n s  of v a r i o u s  

n i n h y d r i n - p o s i t i v e  subs isl-ices hz,=.c ~ S O R  f ~ n ~ d  for v a r i o u s  
g roups  of a n i m a l s :  

S t r a i n  D i f f e r e n c e :  
The c o n c e n t r a t i o n  o f  Glycerophosphoethanolamine i s  

greater ( P C  0 . 0 2 )  i n  Long Evans ra ts  t h a n  i n  Sprague  
Dawley . 

The c o n c e n t r a t i o n  of  I s o l e u c i n e  may be  g r e a t e r  

( P  < 0 . 2 0 )  i n  Sprague Dawley r a t s  t h a n  Long Evans.  

Oxygen Exposure,  1 0 0 %  a t  1 atm.: -- 
For exposures  of 1 8  h r ,  t h e r e  w e r e  no s i g n i f i c a n t  

d i f f e r e n c e s  obse rved  i n  e i t h e r  s p e c i e s .  
For e x p o s u r e s  o f  2 4  and 28  h r ,  b o t h  performed on  

Long Evans r a t s ,  few d i f f e r e n c e s  w e r e  found which may be  
c o n s i d e r e a  r e l i ab le :  Although t y r o s i n e  w a s  p o s s i b l y  

s i g n i f i c a n t l y  d i f f e r e n t  i n  b o t h  cases ( P 4  0 . 2 0 ) ,  i n  one  
case O2 exposure  i n c r e a s e d  t h e  c o n c e n t r a t i o n  ana  i n  t h e  
o t h e r  case exposure  reciuced t h e  c o n c e n t r a t i o n .  I n  one 
case ammonia w a s  decreased s i g n i f i c a n t l y  (P 4 0 . 0 0 2 )  , 
b u t ,  as  i n s t r u m e n t a l  d e t e r m i n a t i o n s  o f  ammonia are  

a f f e c t e d  by t h e  atmosphere i n  t h e  l a b o r a t o r y ,  and a s  
t h e r e  w a s  no uifference i n  ammonia c o n c e n t r a t i o n  i n  any 
o t h e r  g roup ,  it i s  r e a s o n a b l e  t o  assume t h a t  t h i s  
d i f f e r e n c e  i s  a n  a r t i f a c t  o f  t h e  a n a l y t i c a l  p r o c e s s .  
Exposure t o  O 2  f o r  24 h r  r euuced  t h e  c o n c e n t r a t i o n  of 

phosphose r ine  ( P C  0 .02 ) ,  b u t  exposure  f o r  18 or 28  h r  

d i d  n o t .  
Exposure t o  100% O2 f o r  50  h o u r s  i n c r e a s e d  t h e  

c o n c e n t r a t i o n s  of botil g lu t amine  and g l u t a m i c  a c i d  
( P  < 0 . 0 0 2  , P r; 0 . 0 0 2 ) .  T h i s  may be a r e a l  e f f e c t ;  a s  

t h e  exposed group was m a 1 1  ( I d = 3 ) ,  it i s  f e l t  t h a t  t h i s  

exposure  shoulcl be r e p l i c a t e d .  
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Exposure to an atmosphere 8 0 %  Iie 2 0 %  0 for 1 8  hr 
niaue a hiqhly siqnificant reuuction ( P  0.002) in the 
concentration of phophoserine. ho other differences 
were more than possibly significant ( P  4 0.20 or 0.10). 
Analysis of longer exposures to tnis mixture will per- 
mit better evaluation of these uata. 

2 

Fluothane exposure: 
Exposure of fluothane-pretreated animals to 100% 

O2 for 2.5 hr lowered significantly ( P  < 0.002) the 
concentration of phosphoserine. No other changes were 
more than possibly significant ( P  < 0.20). These data 
are calculated from the combinea values of all animals 
in the fluothane exposure group; the raw data will be 
further analyzed to determine if there was any effect 
due to the delay in sacrifice after exposure. 

DISCUSSION O F  RESULTS: 

It is felt that these results are preliminary; they 
should be re-evaluated when data are available for a 
larger group of control animals and for longer exposures. 

It was reportea earlier (N67-15883) that exposure 
to 100% O2 may change the concentrations of free pools 
of several amino acids. These changes were not 
statistically significant. Two effects of oxygen ex- 
posure do appear significant: exposure in most cases 
reduces the concentration of phosphoserine;’@%posure 
increases the concentrations of glutamine and glutamic 
acid. 

4 

Strain differences appear to be non-significant. 
For this reason we will restrict our further experiments 
to a single strain - Long Evans. 



l h e  p r i n c i p l e  a i r e c t i c n  of f u r t h e r  work w i l l  be  

towara examina t ion  of t h e  e f f e c t s  of m i x t u r e s  of  oxygen 
and v a r i o u s  i n e r t  g a s e s .  A beg inn ing  of t h i s  work was 
made w i t h  t h e  helium-oxygen exposure .  A t  t h e  r e q u e s t  
of KASA w e  w i l l  work a l s o  w i t h  m i x t u r e s  i n  which t h e  
i n e r t  component w i l l  be a rqon  and neon; w e  w i l l  a l s o  
make l o n g e r  exposures  i n  t h e  helium-oxygen a tmosphere .  

Due t o  t h e  c o s t  o f  t h e s e  i n e r t  g a s e s ,  w e  c a n n o t  

u se  o u r  p r e s e n t  c o n s t a n t  loss  exposure  equipment .  We 

are  d e v e l o p i n g  a s l i g h t l y  d i f f e r e n t  sys tem i n c l u d i n g :  
a chainber which c a n  be b e t t e r  sealed;  a aemancl oxygen 
supp ly  system; a n  oxygen c o n c e n t r a t i o n  m o n i t o r .  

A new i o n  exchange r e s i n  has r e c e n t l y  been re- 
leasea (Beckman I n s t r u m e n t s )  which w i l l  a l l o w  r e s o l u -  
t i o n  of g l u t a m i n e  from a s p a r a g i n e ,  a n a  r e u u c e  a n a l y s i s  
t i m e  f o r  a c i d i c  and n e u t r a l  amino ac ids .  W e  p l a n  t o  
u t i l i z e  t h i s  r e s i n .  

W e  w i l l  c o n t i n u e  work on development  of a more 

s e n s i t i v e  measure of s e r o t o n i n  and c a t e c h o l  amines.  



h i n h y d r i n - p o s i t i o n  compourms obsc rveu  i n  r a t  b r a i n  
f r e e  amino acia  pools - 

Compouna 

A c i d i c  and  N e u t r a l  

I C E  

n urnb e r 

E l u t i o n  I c l en t i f  i c a t i o n A  Q u a n t i t a t i v e  B 
- 

t i m e  ,min s tanc iard  s t a n d a r d  c o n t r o l  - 

Compounds 

Phosphose r ine  
Glycerophosphoethanolamine 
Phophoethanolamine 
T a u r i n e  

C Urea 
Unknown t l C  
Unknown t 2C 
Unknown ti3 
A s p a r t i c  A c i d  
‘l’hr e o  n i n e  
S e r i n e  
G 1 u t a m  i n e  
Unknown k 6  
Glutamic A c i d  
G lyc ine  
Alan ine  
Unknown # 4  
a l p h a - p i i n o b u t y r i c  Acid 

/&=e 
C y  s t a t  h i o n i  n e  
N e t h i o n i n e  
Unknown $5 
I s o l e u c i n e  
Leucine  
T y r o s i n e  
P h e n y l a l a n i n e  
be t a -Alan ine  
-- be ta -Anino i sobu ty r i c  A c i d  

E 

za s i c  ComDounds 

2 3  
27 
31 
37 
42 
54 
59 
65  
74 
77 
83 
8 9  
9 5  

1 2 3  
139  
147 
153 
160  
186  
201 
207 
210 
2 1 3  
220 
249 
256 
28  3 
305 

? 
? 
? 
C 
C 
??  
?? 
??  
c 
c 
C 
? 
? ?  
C 
C 
C 
? ?  
C 
C 
C 
C 
? ?  
C 
C 
C 
C 
? 
? 

G 
G 
G 
G 
G 
G 
G 
G 
S 
S 
S 
G 
G 
S 
S 
S 
G 
G 
S 
G 
S 
G 
S 
S 
S 
S 
G 
G 

2 

4 
5 
6 
3 
9 

11 
1 2  
1 3  
14 
1 5  
24 
1 7  
1 8  
1 9  
20 
2 1  
22 
26 
2 8  
29 
30 
3 1  
34 
35 
36  
37 

qama-Aminobutyric -- Acid 
O r n i t h i n e  
E thano la  i n e  
Ammonia 
Lys ine  
i I  i s t i.u i ne  
C a r  no s i ne 
Tryntophane 
Argenine 

e 
102  
112 
127 
134 
149 
1 8 2  
235 
2 4 4  
3 2 9  

G 
G 
G. 
S 
S 
S 
G 
G 
S 

40 
41 
43 
44 
46 
48 
5 0  
5 4  
56 



A. C=compareci t o  known s taiiuard 
? = t c n t a t  i v e -  a g r e e  s w i t h  pub1 i shea cia t a  

??=unknown 

B. S = s t a n d a r d i z e d  v a l u e s  used f o r  c a l c u l a t i o n s  
G=Glutamic A c i d  u n i t s  used f o r  c a l c u l a t i o n s  

C .  Unknowns # 1 , 2 , 3 ,  (??Xl ,  ? ? # 2 ,  ? ? # 3 )  

Examinat ion of t h e  chromatograms f o r  7 1  a n i m a l s  i n a i c a t e s  
t h a t  tne data  p r e s e n t e d  r e g a r u i n g  t h e  n i n h y d r i n - p o s i t i v e  
s u b s t a n c e s  ??+I, ??#2, and ? ? # 3  may be e r r o n e o u s .  I t  a p p e a r s  
t h a t  ? ? # 2  may sometimes be e lu tec i  w i t h  ??#1, s o m e t i m e s  w i t h  
? ? # 3 ,  and sometimes w e l l  enough separa tec l  from e i t h e r  t o  b e  
obse rved  a s  a s e p a r a t e  s u b s t a n c e .  Our u n s u b s t a n t i a t e d  
o p i n i o n  i s  t h a t  t h e r e  a r e  t h r e e  s e p a r a t e  n i n h y u r i n - p o s i t i v e  
s u b s t a n c e s  e l u t e d  i n  t h a t  p o r t i o n  o f  t h e  a n l y s i s ,  b u t  t h a t  
v a r i o u s  p a r a m e t e r s  of  t h e  a n a l y t i c a l  p r o c e s s  c a u s e  c o n t a n i n -  
a t i o n  of t h e  d a t a .  These s u b s t a n c e s  are  p r e s e n t  i n  t h e  b r a i n  
i n  l o w  c o n c e n t r a t i o n s  o n l y ,  and u n t i l  t h e y  a re  i d e n t i f i e d  t h e  
impor tance  t h e y  may p l a y  i n  b r a i n  metabol i sm unuer  any  con- 
d i t i o n s  i s  unknown. For  t h e s e  r e a s o n s  w e  do n o t  p l a n  t o  
f o l l o w  up w i t h  s p e c i a l  r e s e a r c h  on t h e s e  s u b s t a n c e s  d u r i n g  
t h e  p e r i o d  of  t h i s  g r a n t  u n l e s s  f o r t u i t o u s  c i r c u m s t a n c e s  
p r e s e n t  u s  w i t h  more c o n c r e t e  i n f o r m a t i o n  r e g a r d i n g  them. 

1). Glutamine 

The i d e n t i f i c a t i o n  o f  Glutamine i s  u n c e r t a i n .  W e  f i n d  
t h a t  o u r  Beckman 120-C  when o p e r a t e d  i n  acco rdance  w i t h  t h e  
Beckman i n s t r u c t i o n  manual based on  t h e  work of SPACKYAN, 
S T E I N ,  and MOORE [Anal.  Chem. 30 ,  1 1 9 0  ( 1 9 5 8 ) l  w i l l  n o t  
r e s o l v e  b o t h  g l u t a m i n e  a n d a s p a r a g i n e  when t h e y  are  p r e s e n t  
i n  amounts g r e a t e r  t h a n  approx ima te ly  0 .05  p 4  i n  t h e  
a n a l y s i s  sample.  The compouna e l u t e d  from o u r  b r a i n  samples  
a t  t h i s  p o i n t  on  t h e  chromatogram i s  p r e s e n t  i n  t h e  sample 
i n  a n  amount on t h e  oraer of 0 . 2 0  p i .  
t a t i v e  i d e n t i f c a t i o n  o f  t h i s  peak a s  exh ib i t ec i  i n  b r a i n  
sample a n a l y s i s  t o  be g lu t amine  r a t h e r  t h a n  a s p a r a q i n e  Ge-  
c a u s e  of work r e p o r t  Ly SHkW and IIEINE [J .  Neurochem. 1 2  
1 5 1  ( 1 5 6 5 ) ] ,  by M U S S I N I  and NAI?CUCCI, anu by TALLAN [ b o t h  
i n  Amino A c i d  Pools ,  J .  T .  Holucn, e d . ,  N e w  York: E l s e v i e r  
( 1 9 ~ r n ' - a i G T o t h e r s .  Iiowcver, it i s  e q u a l l y  p o s s i b l e  t h a t  
b o t h  s u b s t a n c e s  are  p r e s e n t  anu c a n n o t  be a i f f e r e n t i a t e d  
by o u r  a n a l y t i c  t e c h n i q u e .  I t  i s  hopecl t h a t  a new r e s i n  
may r e s o l v e  t h e s e  s e p a r a t e l y  (see FUlITIiLP, WORK) . 

We assume t h e  t e n -  

E .  a lpha-Aminobutyr ic  A c i d  

SIiAW and IIEINE r e p o r t e d  an unlcnown s u b s t a n c e  i n  r a t  b r a i n  
t i s s u e  e l u t e d  between a l a n i n e  and v a l i n e .  W e  f inc i  two 
cornpounus i n  t h i s  a rea ,  one o f  which w e  have i d c n t i f i e u  a s  
u alpha-Aminobutyr ic  acid by comparison w i t 1 1  a known stanuarci .  
I t  s 1 , G u l c i  be notcu  t l i a t  we usc a ( : i f f c . r c .n t  a n a l v t i c  



i nq t rumen t  w i t h  d i f f e r e n t  lor; exchange r e s i n s  anu b u f f e r s  
of d i f f e r e n t  pH, so w e  canno t  S ta te  w i t h  c c r t a l n t y  t h a t  
w e  have i d e n t i f i e d  t h e  peak SHAW and  hLIrJI i  reported a s  
unknown. 

V a l i n e  

T h e  v a l u e s  r e p o r t e d  f o r  v a l i n e  may i n c l u d e  some c y s t e i n e .  
Our i n s t r u m e n t  cioes n o t  a lways s a t i s f a c t o r i l y  r e s o l v e  c y s t e i n e  
and  v a l i n e .  

Ammonia 

Values  f o r  ainrnonia canno t  be  c o n s i d e r e d  a c c u r a t e  due  t o  
c o n t a m i n a t i o n  of a tmosphcrc i n  t h e  l a b o r a t o r y .  
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